Xylanase and endoglucanase production from Trichoderma viride HG 623 and their properties were investigated in this research. By using response surface methodology, the optimal concentrations for xylanase and endoglucanase production were carbon (rice straw: corn straw=6 
INTRODUCTION
It is well known that energy consumption has increased progressively as the result of growing world population and industrialization. Owing to the realization of diminishing natural oil and gas resources, interests in the bioconversion of abundant and renewable cellulosic biomass into fuel ethanol as an alternative to petroleum is rising around the world (Cardona and Sánchez, 2007) . Huge quantities of agro-industrial biomass are produced worldwide annually, that is including about 900 million tons of rice straw (RS) which more than 90% are produced in Asia (Jahromi et al., 2011) . The RS mainly consists of cellulose, hemicellulose and lignin. Cellulose and hemicelluloses could been degraded into hextose and pentose which are able to be fermented into ethanol by Saccharomyces cerevisiae and Pichia stipits,respectively (Agbogbo and Coward-Kelly, 2008) . However, the degradation of cellulose and hemicellulose is the limiting step during the conversion of biomass into bioenergy. Xylanases (1,4-β-D-xylan xylanohydrolase; EC 3.2.1.8) are the main constituents of the xylanolytic enzyme system, which hydrolyze xylan into Xylo-oligosaccharide mostly (Geetha and Gunasekaran, 2010; Zhang et al., 2011; Shin et al., 2009) . Endoglucanases are parts of the cellulase complex involved in cellulose degradation. They attack cellulose fibres at random and cleave them at more amorphous regions which, in turn, create sites for other enzymes like exoglucanases and β-glucosidases (Yoon et al., 2008) . The synergistic action of endoglucanase (EG), cellobiohydrolase (CBH) and β-glucosidase with the help of hemicellulases (mainly xylanases) results in the complete degradation of cellulosic materials (Quiroz et al., 2011; García et al., 2007) .
The traditional 'one-factor at a time' technique used for optimizing a multivariable system is not only time-consuming but also often easily misses the alternative effects between components. Conventional methods for optimal culture conditions based on the classical method of 'onevariable-at-a-time' bioprocess design in which, one independent variable is studied while fixing all others at a specific level, may be effective in some situations, but may fail to consider the combined effects of all involved factors and lead to misleading results and inaccurate conclusions (Silva and Roberto, 2001) . Recently, many statistical experimental design methods have been employed in bioprocess optimization. Among them, response surface methodology (RSM) is the one suitable for identifying the effect of individual variables and for seeking the optimum conditions for a multivariable system efficiently (Li et al., 2007a; Maria et al., 2009) .
The optimization of culture medium and culture conditions for improvement of the production of CMCase and xylanases have been reported by many scholars (Evangelos et al., 2003; Sonia et al., 2005; Irfan et al., 2012; Romdhane et al., 2010) . In this study, response surface methodology (RSM) was used to determine the effects of several variables and to optimize enzyme production conditions. The mathematical models were established and showed the relation of the enzyme activity to independent variables. By this way, the maximum enzyme activity was ensured through the prediction of the optimum values of the independent variables. Further-more, the characterization of xylanase and endoglucanase from the T. viride HG 623 were researched.
MATERIALS AND METHODS

Microorganism and preparation of spore suspension
T. viride HG 623 was selected from a screening from T. viride CICC13038 (obtained from China Center of Industrial Culture Collection) mutated by physical and chemical methods. Briefly, spore suspension of T. viride CICC13038 (5 mL) was treated with 2% diethyl sulfate for 20 min and then illuminated 2 min with an 30-w ultraviolet lamp. The mutant producing the highest enzyme activity was selected and named T. viride HG 623. It was cultured on potato dextrose agar (PDA) for 10 generations, and then maintained on PDA at 4°C. Spore suspension of T. viride HG 623 was washed from the PDA plate with sterile water then inoculated in 100 mL of potato dextrose broth in a 500-mL Erlenmeyer flask, and the spores were grown at 28°C on PDA at 250 rpm for 48 h.
Raw material
Rice straw and corn straw were dried overnight at 70°C and cut into approximate 1 cm size, then sifted by 50 meshes sieve. The fractions passing through sieve were used as the substrate for submerged cultivation.
Medium and culture conditions
The medium used for enzyme production was composed of (g/L): Tween 80, 1.5; MgSO4·7H2O, 0.3; CaCl2.2H2O, 0.3; FeSO4·7H2O, 0.005; ZnSO4·7H2O, 0.0014; MnSO4·H2O, 0.0016 and CoCl2·7H2O, 0.002 (Van Wyk and Mohulatsi, 2003) . The concentrations of Carbon, NH4Cl and KH2PO4 were adjusted according to the experimental design. The pH was adjusted to 5.0-6.0.The spore culture (10.0%) was inoculated in 20 mL of individual test media in 50 mL shake-flask. Then, the flasks were incubated on a shaker at 28°C, 250 rpm for 5 days. Crude enzyme preparation was obtained from the enzyme-containing broth by centrifugation at 5,000× g for 10 min.
Enzyme assay
The xylanase activity was determined by measuring the release of reducing sugars from oat spelt xylan (1% w/v) using the dinitrosalicylic acid method (Miller, 1959) . The reaction mixture, containing 1 ml of a solution of 1% oat spelt xylan in a citrate buffer 50 mM, pH 5.0 plus 1 ml of the diluted crude enzyme, was incubated for 30 min at 50°C. One unit of xylanase was defined as the amount of enzyme required to release 1 mmol of xylose from xylan per minute under the assay conditions.
The CMCase activity was measured by using Meinke's procedure (Meinke et al., 1995) with some modifications. The reaction mixture, consisting of 1 ml 1% CMC-Na as the substrate and 0.5 ml of cultured supernatant after centrifugation, was incubited at 50°C for 30 min, supplemented with 0.5 ml of 3,5-dinitrosalicylic acid and boiled for 10 min. After cooling, the reduced sugars released in response to CMCase activity were measured at 540 nm. One unit of CMCase activity was defined as the amount of enzyme required for releasing total reduced sugar equivalent to 1 μmol glucose per minute.
Plackett-Burman experimental design
The Plackett-Burman experimental design (Plackett and Burman, 1946) based on the first-order model:
Used to screen the important variables that influence enzyme production. Total number of trials to be carried out according to the Plackett-Burman was k+1, where k is number of variables (medium components). Each variable is represented at two levels (high and low) that are denoted by (+1) and (−1), respectively (Table 1) .
Central composite design
According to the central composite design (CCD) (Box and Wilson, 1951), a five-level, three-factor factorial central composite design and nine replicates at the center points leading to 23 runs was employed for the optimization of the enzymatic production. The variables were coded according to Equation:
Where, xi is the coded value, Xi is the real value, X0 is the real value at the center point, and ΔXi is the step change value. A second-order polynomial model for predicting the optimal point was expressed as Equation:
Where, Y is the predicted response, A0 is the interception coefficient, Ai is the linear effect, Aii is the squared effect, and Aij the interaction effect. The accuracy and general ability of the above polynomial model could be evaluated by the coefficient of determination R 2 .
The characterization assays of enzymes
The stability of pH was measured by incubating the crude enzyme in different pH using buffer solutions 50 mM sodium citrate (pH3.0-6.0), sodium phosphate (pH 6.5 -8.0), and Tris-HCl (pH8.5-9.0) for 48 h at 4°C, and then the residual activity was measured under standard conditions (pH = 5.0). The optimum pH was explored at 50°C between pH 3 and 9 at intervals of 0.5 pH units. Thermal stability was assayed by incubating the crude enzyme at different temperature (ranging 30-90°C at intervals of 5 °C) in 50 mM citrate buffer, pH 5.2, for 1 h, and then the residual activity was measured by incubation at 50°C for 30 min. The optimum temperature was studied at pH 5.6 between 30 and 90°C at 5°C intervals for 30 min，using CMC-Na and oat spelt xylan as substrate
To investigate the effect of ions on enzymatic activity, the enzyme activity was assayed in the reaction buffer supplemented with 75 mM of metal ion. Several different buffer solutions were prepared; each contained a different metal salt (MgSO4, AgNO3, ZnSO4, CuSO4, BaCl2, FeCl3, FeSO4, CoCl2, MnSO4, Al2 (SO4)3, CaCl2). All of the above experiments were completed in triplicate, and average values were calculated based on results from three independent experiments.
To study the effect of various substrates on enzyme activity, 1.5 ml 1% substrates was added into reaction system, containing of 0.5 ml of crude enzyme preparation, and incubated for 30 min at 50°C. Carboxymethyl cellulose sodium (CMC-Na), filter, cotton, rice stalk, corn stalk, wheat bran, wheat straw, sawdust, soybean straw, coconut shell and CCM were used as different substrates.
RESULTS
Screening of Significant Nutrient Components for Xylanase and Endoglucanase Production by T. viride HG 623
Ten factors were chosen to optimize the condition for enzyme production of T. viride HG 623 (Table 1) . Table 2 shows the Plackett-Burman design for 12 trials, which were two levels of concentrations for ten different nutrient components and corresponding enzyme activity. It was found that the variables X 1 (Carbon), X 2 (NH 4 Cl), and X 3 (KH 2 PO 4 ) had significant influence on xylanase and endoglucanase production (P<0.05) (Table 3) in ten variables.
Regression models of response
The variables X 1 (Carbon), X 2 (NH 4 Cl) and X 3 (KH 2 PO 4 ) were confirmed as important factors through the factorial analysis of Plackett-Burman experiment. The coded values of variables are shown in Table 4 . The optimal concentrations of these three variables needed to be further measured by CCD design. The experimental responses for the 23 runs are presented in Table 5 . The multiple regression equations (Equation 2) for xylanase and endoglucanase production were performed on the experimental data. Table 6 . The coefficients of determination (R 2 ) were 0.9496 and 0.9607 for xylanase and endoglucanase production, illustrating that the sample variation of more than 94.96% and 96.07% were explained by the fitted models.
The significant coefficients of the full second-order polynomial model of xylanase and endoglucanase production were shown through the Student t-distribution and the corresponding P-value (Table 7) . The P-values of less than 0.05 indicated the more significant correlation of coefficients. Table 7 suggests that the independent variables X 1 (Carbon concentration), X 2 (NH 4 Cl concentration), X 3 (KH 2 PO 4 concentration) and the quadric term of these three variables had a significant effect on xylanase pro- duction and endoglucanase production. Interactions between the three variables had no significance (P>0.05).
Localization of optimum condition
The optimal values of the independent variables for enzyme production could be observed from the 3D response surface plots and the corresponding contour plots (Figures 1 to 3) . Figure 1A and B show the effect of Carbon and NH 4 Cl on the endoglucanase and xylanase production by T. viride HG 623, while KH 2 PO 4 was fixed at its middle level (4 g/L). The endoglucanase and xylanase production reached a maximum point when concentrations of carbon and NH 4 Cl were used between 24-30 and 3.6-4.2 g/L, respectively. Figure 2A and B present the effects of carbon and KH 2 PO 4 on the endoglucanase and xylanase production, while NH 4 Cl concentration was fixed at its middle level (3 g/L). The maximum endoglucanase and xylanase activity predicted from the model when concentrations of Carbon and KH 2 PO 4 were used between 24-30 and 5.0-6.0 g/L, respectively. Figure 3A and B show the effects of NH 4 Cl and KH 2 PO 4 on the endoglucanase and xylanase production, while Carbon concentration was fixed at its middle level (20 g/L). The optimum pairs of NH 4 Cl and KH 2 PO 4 concentration for maximum endoglucanase and xylanase activity were between 3.6-4.2 and 5.0-6.0 g/L, respectively. Based on these results, the optimal concentrations of Carbon, NH 4 Cl and KH 2 PO 4 for xylanase production were calculated as 26.91, 3.77 and 5.31 g/L, respectively. When these concentrations of carbon, NH 4 Cl and KH 2 PO 4 were used, the maximum xylanase activity predicted from the model was 135.51 IU/g. The optimum concentrations for endoglucanase production were 40.89 IU/g when concentrations of Carbon, NH 4 Cl and KH 2 PO 4 were 26.99, 3.80 and 5.23 g/L, respectively. The evaluated experiments were carried out under optimal condition. The xylanase and endoglucanase activity were 139.57 IU/g and 41.46 IU/g when the optimal concentrations of carbon, NH 4 Cl and KH 2 PO 4 were used. The mean values of xylanase and endoglucanase were 3.0% and 1.4% more than the predicted value, respectively. 
Properties of xylanase and endoglucanase from T. viride HG 623
The xylanase activity rose slowly from 30 to 60°C, reached its summit at 60°C, and reduced beyond 60°C. The endoglucanase activity increased slowly from 30 to 55°C, reached its peaked at 55°C, and decreased beyond 55°C. Conclusively, the optimal temperature for the xylanase and endoglucanase activity was 60°C and 55°C, respectively ( Figure 4A ). The xylanase and endoglucanase activities were stable after incubation for 1 h from 35 to 55°C and decreased rapidly when tem-perature was beyond 60°C ( Figure 4B ). The activities of xylanase and endoglucanase were the highest at pH 5.0 ( Figure 4C ). The xylanase and endoglucanase activities were stable at 50°C when pH was between 3.0 to 7.5. The xylanase and endoglucanase activities were reduced dramatically beyond pH 8.0 ( Figure 4D ). The xylanase and endoglucanase from T. viride HG 623 were stable over a wide pH range (pH 3.0-7.5) ( Figure 4D ) and the optimum enzyme activity of xylanase and endoglucanase was at 60 and 55°C, respectively ( Figure 4A ).
To investigate the effect of metal ions on enzymatic activity, the crude enzyme was dissolved in the reaction buffer, which was added with a metal ion at a concentration of 75 mM. Several different buffer solutions were prepared, each spiked with a different metal. The variance analysis showed that xylanase (F = 8.45, df = 11, P < 0.05) and endoglucanase (F = 835.55, df = 11, P < 0.01) activities were significantly different in the presence of (Figure 5 ). To investigate the effect of different substrates on enzymatic activity, the variance analysis showed that enzyme activity was significantly different (F = 166.36, df = 10, P < 0.01) in the presence of different substrates. CMC synthesized substrates, did not have significant differences with wheat bran (Figure 6 ). These results indi-cate that wheat bran was optimal substrate for enzyme production in natural substrate.
DISCUSSION
The nutritional component showed the significant effect on cellulase and hemicellulase production of microorganisms. The enzyme activities of cellulase and hemicellulase could be improved when cultured in mixed carbon resources. It has been reported that culture medium containing rice straw and wheat bran (1:3) as carbon source increased maximal cellulases and xylanases production by Scytalidium thermophilum (Jatinder et al., 2006) . Sushil Nagar reported a cumulative effect of peptone, yeast extract, and KNO 3 on xylanase production by Bacillus pumilus SV-85S (Nagar et al., 2010) . Phosphate concentrations had a potential influence on the fungus morphology and xylanase activity (Siedenberg et al., 1997) . These indicated that various fungi had different ability of utilization of nutrients for enzyme production. In our research, mixed carbon resource, NH 4 Cl and KH 2 PO 4 showed significant effects on enzymes production at the 5% level. The lower value of coefficient of variation (CV) shows the higher reliability of experiment (Box et al., 1978) . In our study, the lower value of CV (4.05 and 7.0206) shows the better accuracy and reliability of the experiments (Table 6) .
Different microorganisms have different enzyme characterization. The optimal temperature of xylanase and endoglucanase from T. viride HG 623 were at 60°C and 55°C, respectively, and they were stable over a wide pH range (pH 3.0-7.5) ( Figure 4A and 4D ) . In comparison, the optimal temperature of xylanase from T. viride HG 623 was higher than that of the Bacillus sp JB99 (45°C) (Kumar et al., 2011) , and endoglucanase from T. viride HG 623 had a wider pH range than that of Mucor circinelloides (pH 5.0-9.0) (Saha, 2004 were present, the activity of xylanase was stimulated strongly. However, xylanase activity was inhibited by Al 3+ ( Figure 5 ). Quay et al. (2011) , Ca 2+ and K + . The xylanase was strongly inhibited by Hg 2+ in Aspergillus niveus RS2. These results show that enzyme from different species may be affected by different ions. Wheat bran was the optimal substrate for enzyme activity, which could maybe relate to the concentrations and structure of cellulose and hemicelluloses of the wheat bran.
In summary, a maximum endoglucanase activity was 40.89 IU/g following final optimal condition [Carbon (26.99 g/L), NH 4 Cl (3.80 g/L), and KH 2 PO4 (5.23 g/L)] and a maximum xylanase activity was 135.51 IU/g following final optimal condition [Carbon (26.91 g/L), NH 4 Cl (3.77 g/L), and KH 2 PO4 (5.31 g/L)]. The xylanase and endoglucanase activity of T. viride HG 623 showed the highest at 60 and 55°C at pH 5.6. The activity of xylanase was stimulated strongly by 75 mM of Co 2+ , and the activity of endoglucanase was stimulated strongly by 75 mM of Mg 2+ and Co
2+
. The xylanase and endoglucanase enzymatic activity of T. viride HG 623 were stable at pH 3.0 to 7.5 at 50°C or when incubated from 35 to 55°C for 1 h. Wheat bran was the optimal substrate for enzyme activity in natural substrate.
